Changing environmental conditions in the Pacific Arctic are expected to affect ice-adapted marine food webs. As such, understanding ringed seal (Pusa hispida) dive and haul-out behavior is vital to understanding if and how these environmental changes affect seal foraging behavior. Working with Alaska Native subsistence hunters, we tagged 14 adult and 20 subadult ringed seals with satellite-linked data recorders in Kotzebue Sound, Alaska, during late-September and October 2007-2009. Information about dive and haul-out behavior in the Bering and Chukchi seas was collected for 12-297 days. We analyzed indices of dive depth, duration, and rate, and haul-out probability using a model selection framework for adults during fall (late-September-November) and winter (December-March) and for subadults during fall, winter, and also spring (AprilJune). We found differences by season and time of day, but not by sex. Where subadults and adults occurred together, they dove to similar depths; although subadults were commonly located in deeper waters where they generally dove deeper than adults. Both age classes dove longer during winter and subadults tended to make a few more (~3.5) dives per hour than adults. Both age classes hauled out less and dove deeper, longer, and more frequently during midday than at other times of day. We suspect that seals dive deeper during midday because their prey migrates deeper. Dive and haul-out behaviors of ringed seals are influenced by a combination of factors, including prey distribution and abundance, sea ice, and seal diving physiology.
Introduction
Ringed seals (Pusa [also Phoca] hispida) are small phocids that live in seasonally ice-covered waters and have a northern circumpolar distribution (McLaren 1958; Burns 1970; Frost and Lowry 1981) . They are the most widely distributed and abundant pinniped in the Arctic (Reeves 1998) , are an important subsistence resource for coastal people, are the primary prey of polar bears (Ursus maritimus), and provide an important link between lower and upper trophic levels (e.g., Welch et al. 1992; Stirling 2002) . Ringed seal distribution and life history are strongly associated with the presence of sea ice; as such, there is concern that recent reductions in sea ice may affect ringed seal health and survival (Kelly et al. 2010b) . Ringed seals use sea ice as a platform for pupping and molting, and for resting between diving bouts at times of year when ice is present (Chapskii 1940; McLaren 1958; Burns 1970; Smith 1973; Frost and Lowry 1981) . They winter in shorefast and pack ice habitats. The ability of adults of both sexes to construct and maintain breathing holes as the ice thickens by scratching with their claws and to construct resting lairs adjacent to those holes under snowdrifts allows ringed seals to occupy areas of solid and near solid ice cover in winter (Smith and Stirling 1975) . Adult females also construct pupping lairs, around which adult males are thought to defend breeding territories (McLaren 1958; Smith and Stirling 1975; Krafft et al. 2007; Kelly et al. 2010a) . Breeding adults typically occupy small home 1 3 ranges under the shorefast ice (< 3 km 2 ; Kelly et al. 2010a ). Most subadult seals, however, are found in drifting pack ice (McLaren 1958; Smith and Hammill 1981; Hammill and Smith 1989; Furgal et al. 1996; Freitas et al. 2008a; Crawford et al. 2012 ). In the Bering Sea, subadults show preference for the southern ice edge in winter, while adults prefer ice habitats away from the ice edge (Crawford et al. 2012 ). These differences in habitat use may reduce intraspecific competition between subadults and breeding adults. Adults require stable shorefast ice to maximize reproductive fitness. Subadults, however, have no such requirement and can feed at the highly productive, but less stable, ice edge, where there are fewer predators (i.e., polar bears), to maximize energy intake for growth (Bradstreet and Cross 1982; Walsh and McRoy 1986; Springer et al. 1996; Stirling 1997; Grebmeier et al. 2006) .
Although the dive behavior of ringed seals has been studied in the North Atlantic using seals instrumented with depth recorders (Lydersen and Hammill 1993; Stewart et al. 1996; Teilmann et al. 1999; Gjertz et al. 2000; Born et al. 2002 Born et al. , 2004 , fewer studies have been conducted in the Bering, Chukchi, or Beaufort seas (Kelly and Wartzok 1996; Harwood et al. 2012) . In this study, we compare the dive and haul-out behavior of 14 adult and 20 subadult ringed seals tagged during [2007] [2008] [2009] in Kotzebue Sound, Alaska. Although the movements of the seals tagged in 2007 and 2008 have been described by Crawford et al. (2012) , their dive and haul-out behavior has not. Here, we include an additional year of movement data (2009) and examine dive and haul-out behavior relative to season and time of day for both age classes to better understand ringed seal dive behavior and how it might relate to foraging.
Methods

Capture and tagging
During September and October of 2007-2009, we captured ringed seals in Kotzebue Sound, Alaska (67.0º N, 162.9º W) using entanglement nets (see Crawford et al. 2012) . Entangled seals were brought into a boat, transferred to hoop nets, and taken to shore. Sex and body mass (± 0.5 kg) were recorded for all seals. Ringed seals ≥ 35 kg were considered adults and only seals weighing ≥ 20 kg received satellite-linked data recorders (tags) (Crawford et al. 2012) . Seals were physically restrained, as necessary, while tags were glued to the hair on their mid-dorsal surface using quick-setting epoxy (Fedak et al. 1983; Stewart et al. 1989) . Ringed seals molt annually, between mid-May and mid-July (McLaren 1958; Frost and Lowry 1981) ; therefore, tags deployed in October were expected to stay attached approximately 8 months. After the epoxy cured, we released the seal at the water's edge, where it was observed until it voluntarily entered the water. All capture activities and much of the seal tagging was conducted by trained Alaska Native subsistence hunters from Kotzebue, Alaska, who were authorized as coinvestigators under the research permit.
Seals were instrumented with SPLASH tags (manufactured by Wildlife Computers, Redmond, WA, USA) that provided summary statistics of dive and haul-out behavior in addition to location. Tags weighed 105 g in air, measured 78 × 50 × 23 mm, and were powered by 2 AA lithium cells. To optimize battery life, we programmed tags to transmit data daily, but only during hours of optimal satellite coverage (0200-2300 local time) and for a maximum of 150 transmissions per day, beginning at 00:00 UTC.
Dive data collected by the tags included the following: DEPTH, the count of dives to depths within predetermined depth (m) intervals (bins); DURATION, the count of dives in different intervals of dive duration (min); and time-atdepth (TAD), the overall time spent within different depth intervals, transmitted as proportion of time (min). Tags stored dive data (histograms) in 14 user-defined bins that encompassed the bathymetry in areas used by the seals in this study (Online Resource 1). Pressure transducers in the tags sampled pressure (depth) every 10 s and estimated tag depth within a 0-1000 m depth range at a resolution of ± 0.5 m. The start and end of a dive was determined by a saltwater switch that sensed the transition from wet to dry and only dives > 2 m depth were analyzed. Dive data were recorded in four 6-h periods: 0300-0859 (morning), 0900-1459 (midday), 1500-2059 (evening), and 2100-0259 (night), matching those used in similar studies of dive behavior (Teilmann et al. 1999; Frost et al. 2001; Born et al. 2002; Folkow et al. 2004; Hastings et al. 2004; Nordøy et al. 2008) but corresponding to local time at 165-180° W. The tags also collected hourly timelines of the proportion of each hour the tag reported being out of the water and dry (presumed to be hauled out). A minute was classified as "dry" if the tag was dry for ≥ 30 s of that minute. These data were stored on the tags until transmitted to Service Argos satellites, or for up to two days. If not transmitted within two days, the data were overwritten by more recent data. A saltwater switch ensured that transmissions occurred only when the tags were at the surface and out of the seawater.
Data analysis
Location data
Dive histograms are not associated with locations when downloaded from the Argos satellites. Decoding software provided by Wildlife Computers assigned one location for all four 6-h histograms each day (Wildlife Computers 2012) . One location every 24 h, however, was not sufficient 1 3 to associate dive locations with bathymetry and sea ice data. To locate where dives occurred, we estimated the seal's position at the middle of each 6-h histogram from Argos locations using the continuous-time Correlated Random Walk (CRW) model developed by Johnson et al. (2008) . The model, which treats movement as a velocity process, is available in the statistical package crawl, version 3.1, in R (R Core Team 2014). We estimated two parameters, β, the autocorrelation in velocity and σ, the variation in velocity. Location error was assumed to be normally distributed with a mean of 0. Argos locations with quality scores 3, 2, and 1 have estimated standard deviations of 250 m, 500 m, and 1500 m, respectively, but standard deviations for poor quality location scores (0, A, and B) are not estimated (see the Argos user's manual: https ://www.argos -syste m.org/manua l/) (Fancy et al. 1988; Stewart et al. 1989; Harris et al. 1990 ). To incorporate location measurement error for poor quality locations into the seal movement model, we used the error distributions from Johnson et al. (2008 Johnson et al. ( :1211 , which are based upon the observations of Vincent et al. (2002) . We did not use the "stopping model" of Johnson et al. (2008) which accounts for periods when animals are stationary. Although adults of both sexes may occupy small home ranges and haul out on stable, stationary shorefast ice during the breeding season (Kelly et al. 2010a ), adults we tagged were not stationary and did not maintain small territories (Crawford et al. 2012) . Similarly, subadults throughout the year and adults in summer and autumn haul out on pack ice and nearshore ice remnants that drift and are not stationary (Burns et al. 1981 ).
The CRW model has trouble fitting locations when Argos error is excessive, i.e., larger than measured values and priors . Therefore, prior to fitting the CRW model, we filtered the Argos locations to remove extreme outliers using a Speed-Distance-Angle (SDA) filter in R package argosfilter (Freitas et al. 2008b ). The filter first removes all locations with unrealistic swim speeds (> 2.5 m/s; Williams and Kooyman 1985; Lowry et al. 1998) , unless the location is < 5 km from the previous location. Within 5 km, locations are filtered using angular thresholds because velocity thresholds remove many goodquality locations where estimated swim speeds are high simply due to locations being recorded close in time. The angular threshold removes locations that form acute angles away from the path of movement. These "spikes" in the path of movement are characteristically outliers and erroneous. We removed locations that formed angles < 15° in the path of movement when they were farther than 2.5 km from the previous location. Locations that formed angles < 25° were removed if they were farther than 5 km from the previous location. Thus, only locations that fall far from the path of movement are removed, not those within a short distance (Freitas et al. 2008b ). Prior to fitting the CRW model, we reviewed all locations retained by the SDA-filter in ArcMap 10.0 (ESRI Inc. 2010) and removed locations that were on land.
We examined ringed seal dive behavior relative to water depth and the presence and coverage of sea ice. We used locations estimated from the CRW model to determine the location of dives summarized in a histogram and then assigned bathymetry and sea ice concentration (every 4th day) to them using the Spatial Analyst Tool (Extract Values to Points) in ArcMap 10. Bathymetry data came from a 1-km digital elevation model produced by the Alaska Ocean Observing System (AOOS; Danielson et al. 2008) . Sea ice concentration data came from the Advanced Microwave Scanning Radiometer-Earth (AMSR-E) Observing System (12.5 km) imagery available through the National Snow and Ice Data Center (Cavalieri et al. 2004) . We extracted values from the AMSR-E data and assigned ice concentrations to each 6-h dive location estimated by the CRW model, based on the 12.5 km grid within which it was located.
Dive indices
We examined patterns in three indices of dive behavior based upon (1) dive depth, (2) dive duration, and (3) dive rate (Folkow and Blix 1999; Folkow et al. 2004 Folkow et al. , 2010 . Each 6-h histogram has 14 separate depth bins. The goal of calculating indices is to reduce the amount of data contained within the histograms such that subsequent analyses can focus on a single variable, yet still retain important patterns within the histogram data. The dive depth and dive duration indices used data from the DEPTH (m) and DURATION (min) histograms, respectively, and were calculated using the methods of Folkow and Blix (1999): where x is the type of index (dive depth or dive duration), f i is the proportion of dives assigned to the depth/duration bin i, and M i is the median depth/duration value of bin i.
The index of dive rate was calculated by summing the total number of dives > 2 m depth in each 6-h DEPTH histogram and then dividing by 6 to yield an hourly dive rate. Although the depth resolution of the tags was high (± 0.5 m), we excluded dives < 2 m to eliminate issues of wave height and near-surface behavior that may not be related to foraging (Hastings et al. 2004; Folkow et al. 2010) . We also calculated the probability of a seal being hauled out (haul-out probability) for each hour of the day using the hourly timeline haul-out data, which stores the proportion of each hour the tag reported being dry (i.e., out of the water). An hour was classified as "hauled out" if the tag was out of the water for ≥ 30 min of that hour. We did not use the proportion of time spent in different depth bins in the time-at-depth (TAD)
histograms to examine dive behavior because even though ringed seals sometimes forage during the descent and ascent phases of dives , TAD also includes the time spent traveling through depth bins to the foraging depth. However, we did use TAD data to validate interpretations of dive rate and time seals spent at the surface.
Statistical analysis
We used a linear model selection framework to test for the significance of covariates on our indices of dive behavior. The dependent variable, the dive index, is from a limited number of seals that were measured repeatedly. Therefore, to account for repeated observations from the same animal and obtain valid estimates of error and the proper p values, we used repeated-measures mixed models (Ramsey and Schafer 2002; PROC MIXED). Individuals were treated as random effects to allow for heterogeneity in dive behavior. To account for autocorrelated dive behavior and unequal time spacing among repeated measures within individuals, we used a spatial power covariance matrix structure (SP(POW)). Haul-out probabilities are binary data (i.e., the seal was either hauled out during the hour or not), therefore we modeled the haul-out probabilities using logistic regression. Again, we treated individuals as random effects and used a spatial power model to account for repeated measures; these models were fitted within PROC GLIMMIX.
Our global models included all the explanatory variables of interest (see below). The model we used for inference was selected using a backward elimination procedure that sequentially eliminated statistically non-significant variables (P > 0.05) until only statistically significant variables remained (P < 0.05). All analyses were performed with SAS software (version 9.3, SAS Institute Inc 2011). We were particularly interested in whether dive and haul-out behavior differed by season and, separately, by ice concentration. Seasons in the Bering and Chukchi seas (fall: late-September-November; winter: December-March, and spring: April-June), however, are largely confounded with the movement and concentration of sea ice. Fall begins with predominantly open-water conditions when the southern edge of the sea ice is located in the northern Chukchi and southern Beaufort seas and progresses as day-length shortens and the ice edge advances south ( Fig. 1 ). Winter is characterized by short day-length and the continued southward advance of sea ice through Bering Strait toward its southern-most extent in the Bering Sea; shorefast ice forms along the coast and heavy pack ice forms offshore. In spring, day-length increases and the sea ice retreats north through the Bering Sea and eventually through Bering Strait. To determine whether season or ice concentration better explained variation in dive and haul-out data, we compared dive depth, duration, rate, and haul-out probability models that included only season to models with only ice concentration and models with both variables using second-order Akaike's Information Criterion adjusted for small sample size (AIC C ). In all models, season provided a more parsimonious explanation of dive and haul-out behavior than ice concentration or both variables in the same model (ΔAIC C range between season and the second ranked model: 5.5-732.5), and therefore, we did not include ice concentration in our models.
For each index of dive behavior (i.e., each dependent variable), we examined the relationship between the index and (1) sex, (2) season, and (3) time of day (morning, midday, evening, and night). Because haul-out data were summarized hourly, we modeled the haul-out probability as a function of hour of day instead of the 6-h periods corresponding to the histogram data.
Sex, season, time of day, and the interaction of Season × Time of day were modeled in an additive fashion. Sex was not significant in any preliminary models and was not included as an interaction variable. Dive behavior during spring was analyzed for subadults (n = 8) but not adults due to their low sample size (n = 2) during this season. Adults and subadults were generally located in different areas, especially during winter; therefore, comparing age classes in the same model could provide misleading statistical interactions and inaccurate interpretations of behavior. As such, we modeled each dive index and haul-out probability separately for each age class to reduce interactions and more clearly interpret similarities and differences. Throughout the text we report results as means ± 95% confidence limit interval. Due to the large number of comparisons that were analyzed, P values are not presented in the text; comparisons were considered significant when P < 0.05.
Subadult ringed seals in the Chukchi and Bering seas migrate south to the ice edge during winter, while adults remain farther north in regions of shorefast and heavy pack ice (Crawford et al. 2012) . To evaluate whether the dive behavior of adults and subadults differed only because of geographic location (i.e., subadults near the southern ice edge in deeper water, adults farther north in and near shorefast ice), we analyzed a subset of our data from adults and subadults that were present in the same region at the same time. Specifically, we constrained this analysis to the greater Bering Strait region, from St. Lawrence Island north to Point Hope. We then repeated the analyses described above, comparing dive indices for depth, duration, and rate by season to evaluate differences by age class. We averaged and plotted the dive depth and duration indices that fell within 20 × 20 km raster cells in ArcMap 10.0 to visually compare their spatial distribution.
Results
Tagged seals and tag performance
We analyzed data from 34 ringed seals: 21 males (8 adult, 13 subadult) and 13 females (6 adult, 7 subadult) tagged in late-September and October (Online Resource 2). Adults averaged 45.7 kg ±3.6 kg, while subadults averaged 24.9 kg ± 1.8 kg (Online Resource 2).
Tags transmitted for an average of 132 days and seals were located on 86% of these days. Seals tagged in 2008 were tracked longer (190 days) than seals tagged in 2009 Duration of tracking, proportion of days located, total locations acquired, and number of locations per day did not differ by sex or age class (Table 1 ). The CRW model used 28,325 locations accepted by the SDA-filter to estimate 19,836 locations that matched the dive histogram data (four locations per day at 6-h intervals).
Seasonal movements and ice cover
Movements of seals tagged in 2009 were similar to those of the seals tagged in 2007 and 2008 and described by Crawford et al. (2012) ; adults and subadults were generally located in different areas, especially during winter when subadults moved south into the Bering Sea with the advancing sea ice while adults generally stayed farther north. Although adults were located in areas with more ice cover than subadults during winter and fall across all three years of this study, both age classes were located in areas with roughly 50% more sea ice cover during winter (adults: 88.2 ± 1.2%; subadults: 71.4 ± 1.3%) than during fall (adults: 38.9 ± 2.1%; subadults: 20.3 ± 1.4%). During spring, subadults were in areas of intermediate sea ice cover (30.7 ± 2.0%) (Fig. 1c) .
Dive and haul-out behavior
The final model for all dive indices (dive depth, duration, and rate) included season, time of day, and the interaction of season and time of day (Season × Time of day), except for the model of adult dive depth, which included only time of day. The final models for haul-out behavior (haul-out probabilities) included season, hour of day, and the interaction of season and hour of day (Season × Hour of day) for both adults and subadults. Sex was not significant for any model of dive index or haul-out probability. Adults and subadults were generally located in different areas; therefore, they were analyzed separately to reduce interactions and more clearly interpret similarities and differences.
Dive depth
The tags deployed on 34 ringed seals (14 adults and 20 subadults) provided 10,068 dive depth histograms (adult females 1902 histograms; adult males 1650; subadult females 2641; subadult males 3875) representing 1,211,987 individual dives. More than half (57%) of all dives were 2-10 m and only 3% were > 100 m. The deepest dive during fall was between 100 and 150 m for adults and between 150 and 200 m for subadults. The deepest dive during winter was between 50 and 76 m for adults and between 300 and 350 m for subadults. Dives deeper than 200 m, however, were uncommon (< 0.03% of all dives) and only three subadults made dives > 200 m, all in winter.
For adults, dive depth did not differ between fall (13.1 ± 3.8 m) and winter (17.1 ± 3.8 m) and diel patterns in dive depth were similar by season (Fig. 2) . During both seasons, adults dove deeper during midday than other times of day, when dive depths were similar (Fig. 2) . Adult dive depths were within 5% of the ocean floor (i.e., they dove to the ocean floor) more often during fall (39%), when mean water depths were the shallowest (15.7 m), than winter (31%), when mean water depths were deeper (25.4 m).
Subadults dove deeper during spring (37.9 ± 2.9 m) than winter (32.3 ± 3.0 m), which was deeper than fall (21.2 ± 3.2 m) and, like adults, diel patterns in dive depth were similar among seasons (Fig. 2) . During all seasons, subadults dove from 5 to 17 m deeper during midday than night and differences between midday dives and morning and evening dives were greater during fall and winter than spring (Fig. 2) . Subadults dove to the ocean floor 18% less often than adults during fall (21%) and winter (13%) when mean water depths were similar (61.3 and 65.9 m). Except for dives during winter at midday, most subadult dives were < 30 m during fall and winter. Subadults dove closer to the ocean floor during spring (36%), when mean water depths were shallower (50.5 m), and, except for dives at night, most subadult dives were ≥ 40 m (Fig. 2) .
In general, subadults dove deeper than adults during fall and winter (Fig. 2) . However, adults spent more time in shallower water where dive depth was restricted by water depth, and therefore adults used more of the water column when diving.
Dive duration
Our dataset included 10,024 dive duration histograms (adult females 1936 histograms; adult males 1595; subadult females 2621; subadult males 3871) representing 1,188,112 individual dives. Overall, dive duration ranged from < 1 min to 10 min; 49% of all dives were < 1 min and 90% were < 4 min. For adults, dive duration was longer during winter (2.7 ± 0.4 min) than fall (2.0 ± 0.3 min) and diel patterns in dive duration were similar between seasons, generally with longer dives during midday (Fig. 3) . Subadults dove longest during spring (2.6 ± 0.2 min) followed by winter (2.2 ± 0.2 min) and fall (1.8 ± 0.2 min). Diel patterns in dive duration were generally similar between fall and winter when subadults dove longest during midday (Fig. 3) . During spring, however midday dive duration was not different than morning and evening; night dives were shorter (Fig. 3) .
In general, within each season that could be compared, adults and subadults dove for similar durations (Fig. 3) . Diel patterns of dive duration were also similar between adult and subadult seals (see duration indices and CLs above and Fig. 3 ).
Dive rate
The final models for dive rate for adults and subadults were the same as for duration (i.e., Season × Time of day).
Overall, seals made < 20 dives/h during 72% of the periods and > 30 dives/h 7% of the periods.
Dive rate of adults was similar between seasons except that during the morning it was higher in fall (fall: 14.7 ± 0.7 dives/h; winter: 13.0 ± 0.8 dives/h) (Online Resource 3). Dive rate was higher during midday in both fall and winter than the rest of the day, which were similar during both seasons (Online Resource 3).
Dive rate of subadults was higher during fall (19.2 ± 0.9 dives/h) than winter (16.9 ± 0.8 dives/h), and both were higher than spring (15.0 ± 0.8 dives/h), but diel patterns of dive rate were different among seasons (Online Resource 3). During fall, dive rate was higher during midday than during the rest of the day, which were all similar. During winter, however, dive rates did not differ by time of day. During spring, dive rate was higher at night than during the rest of the day, which were all similar (Online Resource 3).
In general, adults made fewer dives than subadults during fall (15.2 ± 1.3 vs. 19.2 ± 0.9 dives/h) and winter (13.9 ± 1.4 vs. 16.9 ± 0.8 dives/h; Online Resource 3). Adult and subadult seals exhibited similar diel patterns of dive rate during fall, but not winter.
Haul-out probability
Our dataset included 79,056 h (3294 days) of timeline haulout data (adult females 642 days; adult males 527; subadult females 880; subadult males 1245). Hourly haul-out probabilities ranged from 0.05 to 0.15 (5-15% of hours) for adults and 0.04 to 0.24 (4-24% of hours) for subadults (Fig. 4) . Adults exhibited a strong diel pattern in haul-out behavior that was evident in both seasons, but strongest during winter. Adults were more likely to be hauled out during the hours of 1900-0300 than 0900-1300, regardless of season (Fig. 4) . Between seasons, however, adults were more likely to haul out during the hours of 1900-0300 during the winter than fall. There was no significant difference between seasons during the hours of 0900-1300.
During fall and winter, haul-out probabilities of adults and subadults were similar. Spring data were available only for subadults, which were more likely to haul out during spring (16.3 ± 4.7% of hours) than winter (12.1 ± 3.6% of hours) or fall (9.3 ± 2.6% of hours) (Fig. 4) . Diel patterns in haul-out probability were similar during fall and winter; subadults were more likely to haul out from 1900 to 0300 than from 0900 to 1300 (Fig. 4) . From 1900 to 0300, subadults were more likely to haul out during winter (15-20% of hours) than fall (11-12% of hours). During spring, however, subadults were more likely to haul out from 2200 to 0200 than from 0300 to 2100.
Dive behavior within the Bering Strait region
Adults in this study spent most of their time in shallower water than did subadults. For this reason, our overall modeled results indicating that adults did not dive as deeply as subadults may be somewhat misleading. Our analysis of data from the Bering Strait region where adults and subadults were present at the same time indicated that the two age classes dove to similar depths in this area of overlap, ranging from ~20 to 35 m. Adults and subadults dove to similar average depths during fall (18.8 ± 4.3 and 22.3 ± 3.1 m, respectively) and winter (17.9 ± 4.0 and 18.1 ± 5.2 m, respectively) (Figs. 5, 6 , and Online Resource 4).
The model results for dive duration, in contrast to dive depth, differed between the area of overlap and the overall analysis. Adults dove longer than subadults in both fall (2.5 ± 0.3 vs. 1.9 ± 0.2 min) and winter (2.6 ± 0.2 vs. 1.6 ± 0.2 min; Figs. 7 and 8). As in the full dataset, both age classes tended to dive more deeply during midday, during which time they made dives of longer duration (Online Resource 5). As in the overall analysis, within the Bering Strait region, subadults dove more frequently than adults in both fall (19.4 ± 1.4 vs. 16.2 ± 1.8 dives/h) and winter (17.5 ± 1.7 vs. 13.1 ± 1.8 dives/h).
Discussion
Ringed seals catch prey by diving and their dive behavior is likely the product of a complex interaction, primarily among age-associated differences in where seals choose to forage, the behavior of their prey, and the physiological constraints of diving. We examined differences in indices of seal dive and haul-out behavior but did not address seal prey or physiology directly. Therefore, our interpretations of these behaviors should be considered in this context.
A few limitations of our data require explanation. First, our analysis of dive behavior used indices of behavior that summarized each 6-h histogram into a single value. This method could over-simplify dive behavior especially if dive data were bimodal (e.g., if seals made frequent dives to 20 m and 100 m but dives to intermediate depths were rare). However, we examined the histogram data (dive depth, duration, and rate) by season and age class and did not identify any bimodal behaviors; therefore, we consider these indices to accurately represent dive behavior of ringed seals. Second, we defined seasons by the general patterns observed in the presence or absence of sea ice, which may be associated with other factors that influence seasonal ringed seal behavior, such as ice concentration and thickness, currents, salinity, and wind, which affect prey abundance and distribution. These factors are difficult to measure at the scale of this study. Last, this study combined data from seals tagged in different years, which could confound some analyses due to Fig. 1 and Fig. 1 in Crawford et al. 2012) .
We found that (1) when both age classes were in the same area, during the same seasons, dive depths were similar, otherwise, subadult seals tended to dive deeper than adults; (2) both age classes tended to haul out less and dive deeper, longer, and more often at midday than at other times of day; (3) when both age classes were in the same area, during the same seasons, adults dove longer than subadults, otherwise, both age classes tended to dive for similar durations; (4) subadults tended to make a few more dives per hour than adults; and (5) dive and haul-out behaviors did not differ by sex.
We found that when subadult and adult seals were located in the same areas, during the same season (i.e., the waters between St. Lawrence Island and Point Hope) they dove to similar depths, which is not surprising given these waters are relatively shallow ( x = 30 m depth) and there would be no physiological reason that adults and subadults could not dive to similar depths, possibly targeting similar prey. Although most phocids typically acquire much of their diving ability within the first few months of life (e.g., Lydersen and Hammill 1993; Noren et al. 2005; Bennett et al. 2010; Blanchet et al. 2016) , their diving abilities improve with size (Lydersen et al. 1992 ). Indeed, most other studies of ringed seals found that adults dive deeper than subadults (e.g., Born et al. 2004; Harwood et al. 2015) . In the Bering and Chukchi seas, however, subadults were generally located in deeper water in both the fall ( x = 61.3 m for subadults and 15.7 m for adults) and winter seasons ( x = 65.9 m for subadults and 25.4 m for adults). This is because adult seals tended to be associated with breeding habitat in heavy pack or shorefast ice that occurred in shallower, coastal water of the Chukchi and northern Bering seas, while subadults followed the seasonally advancing loose pack ice southward into the relatively deeper waters of the Bering Sea (Crawford et al. 2012) . That subadults dove deeper than adults when at the ice edge, but not when subadults and adults were in the same geographic region, appears to be a consequence of location. Adults in the North Water area of northern Baffin Bay, however, dove deeper (> 100 m), likely to feed on cephalopods and larger size classes of Arctic cod (Boreogadus saida), than subadults (< 50 m), which likely fed on ice-associated amphipods and smaller size classes of Arctic cod found at shallow depths (Born et al. 2004) . Subadults in the eastern Beaufort Sea made more shallow dives (< 100 m) during the open-water season than adults (Harwood et al. 2015) . Adults also dove deeper than subadults in Barrow Strait, Canada (Kelly and Wartzok 1996) .
That both age classes tended to haul out less, dive deeper, longer, and more often at midday than at other times of day (Figs. 2-4 and Online Resource 3) suggests that seals could be following the vertical migrations of their prey. Many invertebrates, including euphausiids, copepods, and pelagic amphipods, migrate to deeper depths during the day to avoid (Gulliksen 1984; Teilmann et al. 1999; De Robertis and Cokelet 2012) . Thus, foraging fish, including Arctic and saffron cod (Eleginus gracilis) (Crawford and Jorgenson 1990) , and seals may also dive to deeper depths when feeding during the day and shallower depths at night. However, despite our finding that both adult and subadult ringed seals dove deeper at midday, we know of no published reports of diel vertical migrations of plankton at water depths < 50 m. Perhaps, prey are more concentrated when they are deeper at midday. The additional depth associated with foraging at midday compared to other times of day was typically < 20 m, and likely requires minimal additional energetic cost. Ringed seals in Franklin Bay, Canada, generally made deeper dives more frequently in daytime than at night during winter (December-April) (Benoit et al. 2010) . Subadult ringed seals also dove deeper during midday and shallower at night in other regions, matching the diel vertical migrations of amphipods (Themisto libellula) and Arctic cod in the North Water polynya of northern Baffin Bay, when in similarly shallow waters < 100 m (Teilmann et al. 1999) . Although ringed seals rely primarily on vision to find breathing holes (Elsner et al. 1989 ) and likely to find prey, they probably are not wholly dependent on vision to forage. Certainly, adult ringed seals under thick ice during winter cannot depend on light, even during midday, for foraging. Sound and water movement may also be important. Ringed seals responded quickly and accurately to sound during navigation experiments (Elsner et al. 1989) . Seal whiskers are highly innervated (Dykes 1975; Marshall et al. 2006) and likely capable of detecting pressure waves that may be used to detect and capture prey in dark and turbid water (Hyvärinen and Katajisto 1984; Hyvärinen 1989 Hyvärinen , 1995 Dehnhardt et al. 2001) .
Different diving patterns at midday were not observed in two of three studies conducted during the same seasons as ours in waters between Greenland and Canada. No diel pattern in ringed seal dive and haul-out behavior was apparent to Born et al. (2002) or Heide-Jørgensen et al. (1992) ; however, subadult ringed seals in the North Water Polynya dove more often at midday in October and November (Teilmann et al. 1999) .
In general, ringed seal dives were of short duration, with average durations ranging from approximately 1.5 to 3 min (Fig. 3) . Other studies also found many ringed seal dives were less than 5 min and most were less than 10 min (Kelly and Wartzok 1996; Gjertz et al. 2000; Harwood et al. 2015) . Such durations are shorter than those of many other phocids (e.g., northern elephant seals, Mirounga angustirostris; Weddell seals, Leptonychotes weddellii; harbor seals, Phoca vitulina; and harp seals, Pagophilus groenlandicus; Delong and Stewart 1991; Testa 1994; Suryan and Harvey 1998; Folkow and Blix 1999) . However, increased physiological capabilities are associated with larger body mass and ringed seals are considerably smaller than other phocids. Therefore, smaller body mass is likely partly responsible for the shorter dive durations observed in ringed seals. When both age classes were in the same area, during the same season, adults dove, on average, 0.6-1.0 min longer than subadults (Figs. 7 and 8) . Other studies also found that adults tend to dive longer than subadults (Kelly and Wartzok 1996; Kunnasranta et al. 2002; Harwood et al. 2012 Harwood et al. , 2015 , although body mass may be a better predictor of maximal dive duration than age (Lydersen et al. 1992) . Longer dives by adults are likely due to a combination of greater physiological capabilities, more experience finding prey, and, when in shorefast ice, more restricted opportunities to reach the surface through breathing holes. When adults and subadults were in different areas, however, dive durations were similar (Fig. 3) , likely because subadults dove deeper while in deeper waters than adults.
Dives were generally longer during midday, when seals were also diving deeper. Adult seals tended to dive for longer periods during winter than they did during fall, perhaps because they are restricted to surfacing at breathing holes and may have to range farther to find food. Although durations were longer during winter than fall, the seasonal pattern was not as distinct for subadult seals, perhaps because their winter habitat of broken pack ice allows similar surfacing opportunities as their fall habitat (i.e., not restricted to breathing holes), or perhaps feeding opportunities and prey depths are similar for subadults between seasons.
Although subadult seals did not dive as long as adults when in the same area, they tended to make more dives per hour; typically, subadults dove 1-5 more times per hour than adults. Although the hourly difference in rate is small, over the course of a day, subadults made an average of 97 more dives per day than adults during fall and 71 more dives per day than adults during winter. A cursory look at the time seals spent at the surface (0-2 m) and diving (> 2 m) using the TAD data revealed that subadults and adults spent similar amounts of time diving during the fall (13.0 h and 12.6 h) and winter (13.7 h and 13.3 h), which matches closely with extrapolations of time spent diving from the duration and rate summaries and is further supported by similar haulout probabilities between age classes during fall and winter. Therefore, subadults and adults foraged for the same amount of time, but they used subtly different strategies. Over the course of a day, subadults made more shorter dives and adults made fewer longer dives. Perhaps subadults maximize foraging opportunities by diving more frequently to compensate for their shorter dive durations until they can increase their foraging efficiency. Our results suggest that subadults are physiologically adapted to dive as deep as adults in the shallow Bering and Chukchi basin, which is supported by studies that show seals begin developing their diving ability within the first few months of life (e.g., Lydersen and Hammill 1993; Noren et al. 2005; Bennett et al. 2010; Blanchet et al. 2016) . Their development of aerobic dive capabilities and oxygen storage capacity, however, may take longer and prevent them from diving as long as adults (Lydersen et al. 1992) . Similar times spent at and on the surface also suggest that neither age class incurs additional physiological costs due to diving that requires more time resting even though adults maintain breathing holes and subadults allocate their energy toward growth during the winter. Similar amounts of time spent at and on the surface suggests that the dive duration and rate strategies used by subadults and adults, while different, are equivalent in their energetic cost. Dive rate for ringed seals in the North Water area of northern Baffin Bay was associated with age (or mass); there, seals < 2 years old dove more often than seals ~3 years old, which dove more often than adults (Born et al. 2004) . Specifically, subadults dove 9-10 more times per hour than adults; 227 more times per day (Born et al. 2004) .
Haul-out behavior of adults and subadults was remarkably similar during both seasons in this study (Fig. 4) . Both age classes were less likely to haul out at midday than other times of day during our study period (September-March). In comparison, there was no diel pattern in haul-out behavior for two seals monitored between June and October off northwest Greenland (Heide-Jørgensen et al. 1992 ). Similar to our study, ringed seals in Svalbard, Norway, hauled out 5-20% of the time between August and May and the amount of time hauled out was highest in spring (Hamilton et al. 2018 ). The haul-out pattern identified in our study is the opposite of that observed during the spring molt (May-June) (Kelly and Quakenbush 1990) . To speed hair growth during molt, seals haul out in the sun (midday) to elevate skin temperature (McLaren 1958; Feltz and Fay 1966) . Although we expect adult females to spend more time hauled out toward the end of winter (beginning in March) when they are constructing birth lairs for pupping and nursing pups, we did not observe this, perhaps because they did not restrict their movements to small areas in shorefast ice, as would be expected if they were maintaining a birth lair or nursing pups, or our sample size was too small. Similar to our study, there was also no difference in time hauled out between the sexes of ringed seals in Svalbard, Norway, likely due to the small sample size in the spring (Hamilton et al. 2018) .
We found no differences in dive or haul-out behaviors between sexes in any comparisons. Previous studies, however, identified differences in dive behavior by sex. Female ringed seals in the North Water polynya often dove shallower and for shorter durations than males (Teilmann et al. 1999) . During winter, adult female ringed seals in the eastern Beaufort Sea, Canada, however, made more deep (200-500 m) and longer (10-18 min) dives than adult males (Harwood et al. 2015) .
It is likely that subadults dove deeper during winter when they were close to the southern ice edge and Bering Sea shelf break because of the deeper distribution of their prey in deeper water. The presence of canyons, Bering and Pribilof canyons in the southeast and Zhemchug Canyon in the northwest, helps to concentrate zooplankton and fish for marine mammals and birds, making this region an extremely productive area (Vestfals et al. 2014 ). In addition, physical features and processes at the shelf break, including winter winds, upwelling, eddies, and advection facilitate the redistribution of nutrients, on-shelf transport, and concentrate prey (Schneider 1982; Woodby 1984; Hunt 1991; Russell et al. 1999; Hunt et al. 2002; Bost et al. 2009; Gibson et al. 2013; Vestfals et al. 2014) .
In the Bering and Chukchi seas, adult ringed seals eat Arctic cod and saffron cod (Lowry et al. 1980; Lowry and Frost 1981a) , rainbow smelt (Osmerus mordax; Quakenbush et al. 2011; Crawford et al. 2015) , and crustaceans (gammarid amphipods, mysids, and shrimps; Lowry et al. 1980; Lowry and Frost 1981a; Crawford et al. 2015) . Subadults also consume crustaceans and smaller size classes of Arctic cod (Lowry et al. 1980; Lowry and Frost 1981a) . Ringed seals and Arctic cod both consume amphipods, mysids, and shrimp (Lowry and Frost, 1981b) ; therefore, where these crustaceans are located in the water column will likely be the focus depth for foraging seals. Gjertz et al. (2000) suggested that shallow diving (< 50 m) ringed seals in pack ice near Svalbard fed mainly on ice-associated species, including zooplankton. Zooplankton available to subadults in the middle-shelf of the ice-covered Bering Sea include euphausiids that migrate up from deeper depths during midday to near-surface waters at night (Woodby 1984; De Robertis and Cokelet 2012; Ressler et al. 2012) . Oceanic copepods (Neocalanus spp.), not known to be eaten directly by ringed seals, migrate to the upper water column in January and February (Gibson et al. 2013) and are prey for fish including walleye pollock (Gadus chalcogrammus) that move onto the middleshelf where warmer water is upwelled, and capelin (Mallotus villosus) that winter offshore (Woodby 1984; De Robertis and Cokelet 2012) . Most studies of ringed seal foraging behavior in the Bering and Chukchi seas (e.g., Lowry et al. 1980; Crawford et al. 2015) have relied on the examination of stomach contents from seals harvested near Alaska Native communities, which primarily represent prey consumed during the prior 6-24 h (Murie and Lavigne 1986) . There are few coastal communities near the southern ice edge in the Bering Sea and fewer opportunities to examine stomach contents from seals in the central Bering Sea where most subadults over-winter. As such, little is known about the diet of subadult ringed seals in the central Bering Sea, when they are near the southern ice edge. Other methods that enable inference into their dietary history, weeks or months before seals are harvested in coastal communities, such as fatty acid or stable isotope analyses (Post 2002; Iverson et al. 2004; Dehn et al. 2007; Carroll et al. 2013; Young and Ferguson 2013; Wang et al. 2016) , may reconstruct the winter diet of subadult seals after they are harvested in the spring during their northward migration. Such techniques provide a coarse view of diet, often only identifying prey to higher taxonomic levels, such as family; however, they may provide information on dominant winter fish prey that would explain the winter dive behavior we observed for subadult ringed seals. This is the first study of ringed seal dive behavior that investigated more than one season and age class in the Chukchi and Bering seas. Adults and subadults were remarkably similar in their dive behavior when in similar areas and remarkably similar in their haul-out behavior in general. While differences in movements between age classes are likely influenced by a combination of factors, including sea ice (Hamilton et al. 2016 (Hamilton et al. , 2018 , the use of breeding territories and breathing holes in shorefast ice, risk of predation, and differences in the distribution and abundance of prey (Crawford et al. 2012) , the similarities in dive and haul-out behavior are likely due to their similar diet and that subadults develop diving abilities within months of their birth (Noren et al. 2005; Bennett et al. 2010; Blanchet et al. 2016) .
